Research on vascular depression has used 2 approaches to subtype late-life depression, based on executive dysfunction or white matter hyperintensity severity.
model examined effects of predictor variables on MADRS scores over time. Baseline episodic memory (P=.002), language (P =.007), working memory (P=.01), processing speed (P Ͻ .001), executive function factor scores (P =.002), and categorical Fazekas ratings (P=.05) predicted MADRS scores, controlling for age, education, age of onset, and race. Controlling for baseline MADRS scores, these factors remained significant predictors of decrease in MADRS scores, except for working memory and Fazekas ratings. Thirty-three percent of subjects achieved remission (MADRS Յ7). Remitters differed from nonremitters in baseline cognitive processing speed, executive function, language, episodic memory, and vascular risk factor scores.
Conclusions:
Comprehensive neuropsychological function and white matter hyperintensity severity predicted MADRS scores prospectively over a 12-week treatment course with selective serotonin reuptake inhibitors in latelife depression. Baseline neuropsychological function differentiated remitters from nonremitters and predicted time to remission in a proportional hazards model. Predictor variables correlated highly with vascular risk factor severity. These data support the vascular depression hypothesis and highlight the importance of linking subtypes based on neuropsychological function and white matter integrity.
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L ATE-LIFE DEPRESSION (LLD) produces significant morbidity and mortality, making it an important public health issue given the growing number of elderly persons. The heterogeneity of LLD has been well described, including the large degree of medical comorbidity, especially vascular risk factors (eg, cardiovascular disease, stroke, hypertension, and diabetes). [1] [2] [3] [4] [5] Vascular disease may contribute to LLD by affecting subcortical structures involved in mood regulation and the white matter pathways that connect these structures to frontal cortex. 6 Research on vascular depression has developed 2 ways of subtyping LLD: (1) those identified clinically by neuropsychological characteristics, especially executive dysfunction; and (2) those identified by brain magnetic resonance imaging (MRI) characteristics. In the subtype consisting of patients characterized as having executive dysfunction, 7, 8 
vascu-
Author Affiliations are listed at the end of this article. lar depression has been characterized clinically as a "depression-executive dysfunction syndrome of late life." 8 Despite enthusiasm for this theory, 9 few studies have examined the predictive utility of cognitive function in understanding the course and outcome of LLD. A recent study by Alexopoulos et al 10 prospectively examined neuropsychological function in predicting treatment outcome in LLD and found a significant negative effect of executive function on treatment outcome, suggesting an important role for cognitive function in understanding the course of LLD.
A second subtype description of vascular depression, "MRI-defined vascular depression," 11 is defined by the presence and severity of white matter hyperintensities (WMHs), which are thought to be produced by small, silent cerebral infarctions. 12 Increased WMH severity is a well-replicated finding in elderly subject groups with depression, [13] [14] [15] [16] [17] [18] [19] although there are negative studies as well. 20, 21 Several factors contribute importantly to the pathogenesis of WMH, particularly age 22 and medical comorbidity, especially hypertension 23 diabetes mellitus, 24 cardiovascular disease, 25 and overall higher Framingham risk factor score. 26, 27 Although each of these two ways of subtyping LLD have been shown to have clinical relevance, few studies have attempted to clarify the relationship between neuropsychological function and WMH in predicting course and outcome in LLD. Thus, in the current study, these two different ways of subtyping vascular depression, namely neuropsychological function variables and WMH severity, were used to predict course of illness over 12 weeks of antidepressant treatment in LLD. We hypothesized that impaired baseline neuropsychological performance, particularly processing speed and executive function, would predict poorer clinical response in a prospective treatment trial using sertraline. In addition, we hypothesized that increased baseline WMH severity would predict worse clinical outcome and that there would be an association between WMH and executive dysfunction in predicting poor treatment response. The study was conducted at 2 sites to increase sample size and our ability to generalize our results to the larger population of LLD.
METHODS

SUBJECTS
Patients were recruited for an ongoing National Institute of Mental Health study, Treatment Outcome in Vascular Depression, through advertising and physician referral to Washington University (WU) Medical Center and Duke University Medical Center. Of 362 phone screens at WU and 374 at Duke, there were 181 clinic screenings at WU and 135 at Duke (Figure 1) . Patients who met DSM-IV criteria for major depression by Structured Clinical Interview for Axis I DSM-IV Disorders (SCID-IV), given by a research psychiatrist (Y.S., M.D., K.G., or K.G.) were recruited into the study after satisfying exclusionary criteria. Patients were moderately depressed outpatients; no inpatients were included in the study. All patients were screened to rule out severe or unstable medical disorders (eg, myocardial infarction within past 3 months, end-stage cancer, decompensated cardiac failure) and known primary neurological disorders including dementia, delirium, diagnosis of stroke within the past 3 months, Parkinson disease, brain tumors, multiple sclerosis, seizure disorder, conditions or drugs that may cause depression (eg, systemic steroids, pancreatic cancer, uncorrected hypothyroidism), history of other Axis I disorders prior to their depression diagnosed by SCID, current suicidal risk, current episode that failed to respond to adequate trials of 2 prior antidepressants for at least 6 weeks at therapeutic doses, use of psychotropic prescription or nonprescription drugs or herbals (eg, hypericum) within 3 weeks or 5 half-lives, except for limited use of certain hypnotics or in exceptions when the patients' depression was worsening, in which case antidepressant use was tapered off after starting to take sertraline, or a Mini-Mental State Examination (MMSE) score of 21 or lower. 28 Patients were restricted from other therapies during participation. While our criteria excluded those with an MMSE score of less than 21, only 3% of subjects had an MMSE score of less than 24. The exclusionary criteria further reduced the patient study group to 120 patients enrolled at WU and 97 at Duke (n=217 total). All patients were enrolled in a 12-week treatment trial with sertraline and were restricted from receiving other therapies during participation. At WU, 109 subjects completed the protocol and 11 had early termination, 2 had adverse effects, 2 psychiatric hospitalization, and 1 abnormal MRI; 4 withdrew consent, 1 was noncompliant, and 1 had an unrelated medical illness. At Duke, 81 depressed subjects completed the protocol, and there were 16 with early termination, 8 had adverse effects and 2 lack of efficacy, 1 was unwilling to have MRI, 2 withdrew consent, and 3 had other reasons. Thus, there were a combined 217 intent-totreat patients and a combined 190 completers. For various data analyses, there were different numbers of subjects included, reflecting the partial missing data on some measures. Written informed consent approved by the relevant institutional review board was obtained for all subjects. 25 The Framingham study uses a stroke risk prediction assessment tool that includes the following VRFs to predict 10-year risk of stroke in both men and women: age, systolic blood pressure, use of antihypertensive therapy, diabetes mellitus, cigarette smoking, cardiovascular disease (coronary heart disease, cardiac failure, or intermittent claudication), atrial fibrillation, and left ventricular hypertrophy by electrocardiogram. As expected, the stroke risk increased with increasing age. In our sample, subjects who were younger than 65 years had a mean VRF score of 9.0, indicating a 10-year stroke risk of 8% (average risk for age group, 7%); for those aged 65 to 74 years, the VRF was 12.2, indicating a 10-year risk of 13.5% (average risk, 11%); for those aged 75 to 84 years, the VRF was 16.2, indicating a risk of 23% (average risk, 20%); and for those aged 85 years or older, the mean VRF was 19.3, with a risk of 34% (average risk, 13.7%). Thus, based on mean VRF scores, our population had a higher 10-year probability of stroke compared with the average stroke risk per age in the general population. The relative increase in stroke risk in our population is as follows: 14% for those younger than 65 years; 22.7%, 65 to 74 years; 14.4%, 75 to 84 years; and 148.1%, 85 years and older.
MEASURES
Age at onset was ascertained from the SCID-IV and available medical and psychiatric records. Neuropsychological testing was performed by a highly trained examiner who was supervised by a PhD-level psychologist (D.B. and K.W.B.). Patients were tested prior to the initiation of antidepressant medication and were psychotropic free.
Outcome Measures
Montgomery-Asberg Depression Rating Scale 29 scores were obtained at baseline and weekly for 12 weeks by a research psychiatrist. Prior to study initiation, a start-up meeting was held with all investigators from both sites that included training to standardize MADRS ratings across sites. For purposes of data analysis, given variable patient schedules for completing the study, completion was defined as more than 8 weeks in the study. Remission was defined in patients who remained in the trial at least 8 weeks (completers) and had a final MADRS score of 7 or lower. Nonremitters were defined as patients who stayed in the trial at least 8 weeks but did not have a final MADRS score of 7 or lower. The comparison between remitters and nonremitters is shown in Table 2 . While many studies have used a final MADRS score of 10 or lower to define remission, we chose a more stringent value based on evidence from a metaanalysis 30 supporting a lower cut-off.
Sertraline Treatment
The initial sertraline dose was 25 mg for 1 day to rule out drug sensitivity, then 50 mg daily, with subsequent dose changes at 2 weeks (to 100 mg/d), 4 weeks (to 150 mg/d), and 6 weeks (to 200 mg/d) based on treatment response and adverse effects. Adverse effects were assessed at each visit using a checklist. At any point, patients who had adverse effects could be given titrated doses to reach a lower dose. Medication adherence was assessed at each visit by self report. Final doses and number of participants at each dose were as follows: less than 100 mg, n=64; 100 to 125 mg, n=60; 150 to 175 mg, n=46; 200 mg, n=34 
Neuropsychological Test Performance in LLD
All participants were given a large battery of neuropsychological tests that covered cognitive domains relevant to understanding late-life depression. We grouped the cognitive tasks into rationally motivated domains, described below, based on literature regarding the cognitive processes assessed by each of the tasks. 31 To combine the tasks, we created z scores for the primary dependent measure of interest at baseline across all participants and then summed the z scores. Follow-up waves used items normalized using the mean and standard deviation at baseline. Variables in which good performance was represented by lower values rather than higher (such as Trail Making Tests A and B) were reverse scored to insure that higher z scores represented better performance for all variables. Cronbach ␣ (a measure of internal consistency) was computed for each domain. As seen in 
Magnetic Resonance Imaging
Magnetic resonance images were collected using a MAGNETOM Sonata 1.5 T scanner (Siemens, Munich, Germany) at WU. Three-dimensional, T1-weighted (T1W) scans were acquired with magnetization-prepared rapid acquisition gradient echo: time to repetition (TR), 1900 milliseconds; echo time (TE), 4 milliseconds; time following inversion pulse (TI), 1100 milliseconds; and 222 ϫ 256 ϫ 128 pixels (1 ϫ 1 ϫ 1.25 mm). Axial T2-weighted (T2W) scans were acquired using 2-dimensional turbospin echo: TR, 4000 milliseconds; TE, 97 milliseconds; 17 echoes; thickness, 2 mm; 10-mm gap; 6 interleaves; 256 ϫ 256 mm; and 108 slices (1 ϫ 1 ϫ 2 mm). To improve signalto-noise ratio, 4 T1W images were obtained and averaged for each subject. Magnetic resonance images were collected using a 1.5 T scanner (General Electric, Schenectady, New York) at Duke University. The equivalent sagittal T1W sequence was conducted using a 3-dimensional inversion recovery-prepared spoiled gradient recalled scan: TR, 8.3 milliseconds; TE, 3.3 milliseconds; TI, 300 milliseconds 256ϫ256ϫ124 pixels. The axial T2W scan was a 2-dimensional fast spin echo: TR,4000 milliseconds; TE2,105 milliseconds; thickness, 5 mm; field of view, 150 ϫ 200 mm; and 20 slices (1 ϫ 1 ϫ 5 mm). Axial fluid-attenuated inversion recovery images were obtained at both sites. This T2W sequence allows translation to most clinical sites: TR,9.99 seconds; TE,105 milliseconds; TI=2300 milliseconds; slices,20; thickness, 5 mm; and interleaved acquisitions with no gap.
To correct for head movement and improve signal-tonoise ratio, the 4 T1W scans were coregistered using standard 12-parameter affine transform to create a single average image. 32 The 6 T2W images were collated and fused and then coregistered with the T1W scans. Both T1W and T2W images were then resampled to a common Talairach stereotaxic atlas (T88) using 1-mm 3 voxels. To correct for magnetic field inhomogeneities, a parametric bias field correction was used to correct both T1W and T2W image intensities.
33,34
T2W Hyperintensities
Hyperintensities were assessed blind to treatment data using the modified Fazekas criteria. All ratings were conducted at WU by R.C.M. and Y.I.S. using fluid-attenuated inversion recovery and T2-weighted images in a side-by-side review. The modified Fazekas criteria 35 describe MRI hyperintensities in 3 regions and follow an ascending degree of severity. The criteria assess periventricular hyperintensities (0, absent; 1, caps; 2, smooth halo; and 3, irregular and extending into deep white matter). Deep WMH were scored as follows: 0,absent; 1,punctate foci; 2,beginning confluence of foci; 3,large confluent area; subcortical gray matter lesions: 0, absent; 1, punctate; 2,multipunctate; 3,diffuse. Interrater reliability was calculated separately for the 3 Fazekas ratings: periventricular hyperintensities, 0.73; deep WMH, 0.86; subcortical gray matter lesions, 0.94; in all cases of disagreement, a follow-up consensus rating was conducted. In addition, a total Fazekas rating ("Total Fazekas score") was created by summing the 3 ratings from deep white matter, subcortical gray matter, and periventricular ratings, producing a score that ranged from 0 to 9. From this total score, a categorical Fazekas score ("Total Fazekas categorical") was created: 3 or more, high, and 2 or less, low.
STATISTICAL ANALYSIS
Pearson product moment correlations were used to investigate the relationship between baseline neuropsychological function and WMH (Fazekas scores). In addition, Pearson correlations were conducted between the Framingham VRF scores and the predictor variables.
The change in MADRS scores over 12 weeks was assessed. To accommodate missing values owing to missed appointments and censoring owing to dropout, a mixed model 36 was used. Three different mixed models were then used to predict treatment outcome. For model 1, separately for each predictor measure, neuropsychological cognitive function and WMH measures were used to predict MADRS scores following treatment, controlling for time, age, education, race, and age of onset (not accounting for initial MADRS). For model 2, the same predictor variables and covariates were used as in model 1 but the model also controlled for baseline MADRS score as well as these variables to assess whether cognitive function or WMH predicted the magnitude of change from baseline to endpoint MADRS. For model 3, to assess the difference in trajectories, in a third analysis, the variable ϫ time interaction was incorporated into the model to assess whether cognitive function or WMH predicted the speed of change as well as the magnitude of change from baseline to endpoint.
Prior to entering predictor variables, we first examined the effect of covariates on MADRS using a mixed model to determine the results in the unadjusted model (not shown) where we only adjusted for that covariate and time. The covariates had the following bearing on the outcome: age was borderline significant (P = .06); race was not significant (P = .8); education was borderline significant (P=.06); and age of onset was not significant (P = .3). These results are not displayed in Table 4 . The unadjusted model for memory (PϽ.001), language (P=.002), working memory (P=.004), processing speed (PϽ.001), executive function (PϽ.001), and categorical Fazekas score (P =.02) indicates that all hypothesized covariates had a slightly larger magnitude effect in the unadjusted model, and the effect slightly weakened as more covariates were added to the model, as shown in models 1 and 2 in Table 4 . All of the hypothesized covariates were significant for the unadjusted model.
In addition, a Cox proportional hazards model 37 analyzed time to remission and was used to predict the remitter survival given baseline predictor variables and further adjusting for covariates.
RESULTS
Demographic variables used as predictor variables of treatment outcome were age, education, race, age at onset, and depression symptom severity on the MADRS. The number, mean, and standard deviation of these variables are shown in Table 1 and were used as covariates in the analyses. The number and percentage of patients with early-onset vs late-onset depression (Ն60 years) is also shown in Table 1 . The MMSE scores were included and, as shown in Table 1 , the mean was relatively high (27.7) . In addition, the mean (SD) of each of the neuropsychological factor scores, the Fazekas score and the VRF score, as defined by the Framingham study, 25 are shown in Table 1 . Table 1 shows the demographic data for the patients who completed at least 8 weeks of the 12-week trial (completers) vs the patients who failed to complete at least 8 weeks (dropouts). Comparing the groups, the variable that was different for dropouts was final dose of sertraline, which was significantly lower.
Of subjects who completed at least 8 weeks of treatment, Table 2 compares those with remission of depression vs nonremitters. As shown in Table 2 , 33% of sub- 
jects achieved remission of depression (Յ7 on MADRS).
The P values indicate statistically significant differences in variables between subjects who achieved remission (remitters) vs those who did not (nonremitters). Interestingly, compared with remitters, the nonremitters had a higher final dose of sertraline, indicating that an attempt had been made to increase the dose to a level that would achieve remission and that the difference in remission was not simply a matter of underdosing. Figure 2 graphically displays the MADRS scores from baseline to 12 weeks of treatment for the remitters vs nonremitters.
As shown in Table 3 , using a Pearson correlation, the Framingham vascular risk factor scores were statistically significantly correlated with all of the predictor variables except for working memory. In addition, we determined correlations between the categorical Fazekas score (high vs low) with neuropsychological factor scores (data not shown). Fazekas scores were statistically significantly correlated with all of the baseline neuropsychological factor scores: executive function (r = −0.27; PϽ.001), cognitive processing (r=−0.27; PϽ.001), episodic memory (r = −0.21; P = .004), language (r = −0.15; P=.05), and working memory (P = .003).
Next, using mixed models, we examined the effect of our predictor neuropsychological measures, Fazekas scores, VRF, and last sertraline dose on the trajectory of treatment response. Of note, there were different numbers of subjects in these analyses owing to the different numbers of subjects completing the separate measures. We used 3 prediction models to assess the effect of baseline variables on treatment outcome. We first used a mixed model to assess the effect of predictor variables (cognitive function, Fazekas scores, VRF, and last dose of sertraline) on MADRS scores, with time, age, education, age of onset, and race as covariates. The following measures produced a statistically significant effect on the MADRS scores (Table 4 , model 1): episodic memory (P=.002), language (P=.007), working memory (P =.01), processing speed (PϽ .001), executive function (P =.002), and categorical Fazekas score (P =.05). In addition, a higher last dose of sertraline predicted worse outcome, indicating that nonremitters received a higher dose in an attempt to adequately treat their depression.
After controlling for baseline MADRS score (model 2), episodic memory (P=.008), processing speed (PϽ.001), executive function (P = .01), language scores (P = .03), VRF scores (P = .03), and last dose of sertraline (P Ͻ .001) all produced a statistically significant effect on MADRS scores, indicating that these variables predicted higher or lower levels of MADRS scores during the course of treatment. It was actually higher sertraline doses that predicted worse outcome. Fazekas scores and working memory scores did not significantly predict change in MADRS scores once baseline MADRS values were entered into the model.
The predictors reported in Table 4 were analyzed in separate models (in contrast to conducting a model with all predictors entered at once). As shown in Table 4 , all neuropsychological factor scores had a negative relationship with MADRS score. Episodic memory, language, working memory, and executive function had similar relationships in magnitude and direction to MADRS. The relationship between processing speed and MADRS had a larger effect than found with the other neuropsychological predictors. As the neuropsychological factor scores increased (indicating higher function), there was a decrease in the MADRS score. The relationship between total Fazekas categorical score and MADRS was positive, indicating that those with a Fazekas value of at least 3 (more severe WMH) had a larger MADRS score than those with a Fazekas value of less than 3. As noted in the "Statistical Analysis" section, the magnitude for all the predictors of interest (WMH and neuropsychological covariates) slightly decreased from the model controlling for time only (not shown in Table 4 ) to the model controlling for time, age, age of onset, race, and education (Table 4 , model 1). When further adjusting for baseline time and baseline MADRS (Table 4 , model 2), the magnitude of the effect for all of the neuropsychological factor scores and WMH decreased even more. This finding makes intuitive sense because it would be expected that controlling for the baseline outcome value would account for some of the variability in the regression portion of the mixed model. The effect for working memory and total Fazekas categorical score was decreased by almost half when adjusting for baseline time and baseline MADRS; however, the standard error remained about the same, leading to nonsignificant results.
Neither neuropsychological factors nor Fazekas scores interacted with time to predict MADRS scores (results not shown), controlling for age, race, education, age of onset, baseline time, and baseline MADRS scores. This result indicates that, while many of the neuropsychological variables predicted the overall magnitude of MADRS score change, they did not predict the rate of change (slope). Examining the probability of remission using a Cox proportional hazards model, controlling for age, age of onset, education, and race, the factors that predicted the remitter survival were episodic memory (P= .006), cognitive processing speed (P = .001), executive function (P=.01), and language function (P = .05), but not working memory or Fazekas scores.
COMMENT
The principal finding of this prospective antidepressant treatment study of late-life depression was that both baseline neuropsychological function and WMH scores predicted MADRS scores over a 12-week course of treatment and that neuropsychological function and WMH scores were correlated. Further, all of these predictor variables were highly correlated with the Framingham VRF scores, indicating a strong association with vascular disease. Several studies have shown that a large number of patients with late-life depression fail to respond or respond only partially to treatment, particularly those with executive impairment. 7, 10 While some studies support the preeminence of executive dysfunction, 9 cross-sectional assessments of cognitive function in LLD have yielded variable findings about the specificity of deficits to executive function. [38] [39] [40] [41] Of the studies using a matched control group, many [38] [39] [40] suggested the presence of disturbances across a range of cognitive domains in LLD. However, in recent studies, 31, 41 disturbances occurred across a broad range of domains and could be best explained by core deficits in cognitive processing speed that influenced performance in a range of cognitive domains. Thus, it is not clear whether cognitive deficits in vascular depression are specific to executive dysfunction or representative of more general disturbances in neuropsychological function that may, in part, reflect slowed processing speed. As noted, compared with the number of studies examining crosssectional neuropsychological function in LLD, there are few prospective studies of treatment outcome. The current study used a comprehensive neuropsychological battery and was thus able to simultaneously assess multiple domains of cognitive function. In the current study, even after controlling for baseline depression severity, cognitive processing speed was still strongly predictive of MADRS scores (PϽ.001), whereas executive function was less highly significant (P= .01). There was also a strong predictive effect for episodic memory (P = .008). Our results add to the literature demonstrating that neuropsychological function predicts MADRS scores in LLD. They expand on prior research by elucidating the relationship of neuropsychological function and WMH in MADRS score change. Furthermore, examining treatment remission, there was a strong effect of baseline cognitive processing speed, executive function, episodic memory, and language processing as well as VRF score comparing patients who achieved depression remission vs those who did not.
Similar to the effect of neuropsychological function on treatment outcome, in some studies, severity of WMH has been associated with poor antidepressant treatment response. [42] [43] [44] In contrast, a study 45 that measured WMH failed to find a relationship with treatment outcome in LLD, and there are clearly subjects with treatmentresistant LLD without VRFs. However, because WMH severity was not quantified in most treatment studies, it was not possible to compare the influence of WMH across studies. Further, very few studies have examined this question prospectively. We now add to the literature by demonstrating that WMH severity predicted MADRS scores, although not after controlling for depression severity, indicating that WMH severity was highly correlated with depression severity as well as with neuropsychological impairment. The apparently poorer performance of the Fazekas rating scale than the cognitive measures in predicting MADRS does not exclude the possibility that more sophisticated methods that include the volume of lesions and/or their location could perform better. We further note that the severity of WMH in the current study is less than in most studies that examined MRI-defined vascular depression; however, a strength of the current study is that, by using a continuous rather than categorical approach, we are able to examine the effect of several predictors at the same time.
Vascular disease appears to contribute to LLD by affecting frontal white matter pathways and subcortical structures involved in mood regulation. In the current study, we showed that vascular risk factors were highly correlated with both WMH and neuropsychological function, indicating that both sets of abnormalities have a vascular component. Extensive literature has provided support for the importance of WMH in LLD, 11, [14] [15] [16] [17] [18] [19] including an effect on worsening of treatment outcome. [42] [43] [44] 46 There is some suggestion 34 that specific pathways are more likely to be affected in patients with vascular depression who have increased burden of WMH in those specific white matter tracts that underly brain regions important in cognition and emotion. In addition, normal-appearing white matter may be involved in vascular depression, as manifested in diffusion tensor imaging studies. [47] [48] [49] We now demonstrate using a mixed model approach that there is a significantly worse effect of high vs low WMH load on depression outcome. In our study, those with lowest WMH severity (total Fazekas score 0-2) on the categorical Fazekas score differed from those with higher WMH burden (Fazekas scores 3-9). It is interesting that the difference in outcome appeared to select low vs any severity of ischemic lesion severity rather than to emphasize the more severe end of the spectrum, as was hypothesized in the concept of "MRI-defined subcortical ischemic depression." 50 Differences in etiology have been postulated 51 for subcortical ischemic depression and depression-executive syndrome; it has been proposed that subcortical ischemic depression is due to vascular disease, whereas depression-executive dysfunction is due to aging-related changes and degenerative brain disease as well as vascular disease. In the current study, most patients had vascular disease, as evidenced by their Framingham scores; however, it was not sufficiently severe to cause subcortical disease, as indicated by the relatively low scores on the Fazekas subcortical gray matter index. Nonetheless, the degree of WMH predicted MADRS scores, with having some degree of WMH vs none seeming to be the (REPRINTED) ARCH GEN PSYCHIATRY/ VOL 67 (NO. 3), MAR 2010 WWW.ARCHGENPSYCHIATRY.COM 283 most important indicator. Further, we found that worse function in all neuropsychological domains was significantly correlated with Fazekas scores. Thus, in our study, there appears to be broad involvement of neuropsychological function in predicting MADRS scores as well as in association with WMH.
An important aspect of our study is that it carefully screened for and excluded subjects with dementia, using an MMSE cutoff of 21, clinical dementia rating score of 0, and National Institute of Neurological Disorders and Stroke and DSM-IV criteria to exclude dementia. In our study, most subjects had MMSE scores of 28 to 30, and only 3% scored lower than 24. Because we have previously seen a high degree of correlation between WMH and microstructural abnormality in normal-appearing white matter, which further correlated with neuropsychological function, 49 we suggest that a fundamental aspect of vascular depression may be the disruption of normal white matter integrity, which then results in deficits in neuropsychological function. Our data support the concept that the subtypes of vascular depression defined by neuropsychological function and WMH severity overlap, and that the same etiological mechanisms may account for both sets of findings. In conclusion, this study supports the importance of both the depression-executive dysfunction syndrome of late life as well as the MRI-defined vascular depression subtypes of vascular depression, suggesting that both affect treatment outcome and that they describe different aspects of the same disease. A refinement suggested by our study is that that vascular disease affects neuropsychological function more broadly than just executive dysfunction, that all WMH except the least severe have a negative effect on depression outcome, and that, together, both deficits in neuropsychological function and severity of WMH predict worse outcome. Financial Disclosure: Drs Sheline, Doraiswamy Taylor, Steffens, and Krishnan report receiving grants and/or speaking/consulting fees from antidepressant manufacturers but do not own stock in these companies. Dr Krishnan is also a coinventor on a patent that is licensed to Cypress Biosciences and owns stock in CeneRx. Funding/Support: This study was supported by Collaborative R01 for Clinical Studies of Mental Disorders grants MH60697 (Dr Sheline) and MH62158 (Dr Doraiswamy); grant K24 65421 from the National Institute of Mental Health (Dr Sheline); and grant RR00036 from Pfizer, Inc, to pay for drug costs (Washington University School of Medicine General Clinical Research Center). Additional Contributions: The authors would like to thank Dan Blazer, MD, PhD, for serving as an advisor to the study, Caroline Hellegers, MA, for her assistance with study coordination at Duke and Tony Durbin, MS, and Brigitte Mittler for their assistance with study coordination at Washington University.
